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Abstract
Definitive identification of Rickettsia-like organisms (RLOs) in European sea bass is often diffi-
cult using conventional diagnostic methods because of their intracellular nature and the inabil-
ity to isolate them on artificial medium.  Rabbit anti-Piscirickettsia salmonis serum was success-
fully applied here in immunohistochemistry (IHC) to identify European sea bass Rickettsia-like
organisms (ESBRLOs) in infected sea bass. The results of the analysis suggest antigenic similari-
ties between P. salmonis and ESBRLOs.

First seen in coho salmon (Onchorhynchus

kisutch) in Chile, rickettsial agents are now rec-
ognised as important bacterial pathogens of
fish (Fryer and Lannan, 1996).  Fryer and
Lannan (1994) placed the Chilean isolate in a
new genus, based on its characteristics in vitro

and 16S rRNA analysis.  He named the organ-
ism Piscirickettsia salmonis gen. nov., sp. nov.,
type strain LF-89.  Rickettsia-like organisms
(RLOs) have also been reported to infect
salmonids in eastern and western Canada,
Ireland, Norway and Scotland (Brocklebank
et al . 1992; Rodger and Drinan, 1993; Fryer
and Lannan, 1996; Olsen et al., 1997; Cusack
et al. 2002).

Over the last 15 years, RLOs have also been
reported in non-salmonids, affecting both
freshwater and marine fish.  Infections have
been reported in Callionenymous lyra in Wales,
(Davies, 1986), in Oreochromis spp. in Taiwan

(Chen et al. 1994; Chern and Chao, 1994), and
in Panaque suttoni in Colombia (Khoo et al.,
1995).

The first observation of a RLO in European
sea bass (Dicentrarchus labrax, L.) was made
in southern France in 1994 (Comps et al.,1996).
The case history included anorexia and high
mortality (about 20%) associated with abnor-
mal swimming in juvenile fish ranging from
30 to 70 g.  The pathology of the disease in
European sea bass was similar to that seen in
salmonids  except in the former the infection
targeted the central nervous system, while in
salmonids it was mainly systemic (Comps et

al., 1996).

Infections due to RLOs are usually diagnosed
by the presence of typical gross and his-
topathological lesions.  Histological stains
such as haematoxylin and eosin, Gram,
Giemsa, acridine-orange, Gimenez,
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Machiavello and PAS are used to detect the
pathogen in tissue sections (Branson and
Nieto Diaz-Munoz, 1991; Cvitanich et al.,

1991).  These techniques are non-specific, but
they do allow a tentative or presumptive di-
agnosis of the disease to be made reasonably
quickly.  More specific methods of detection
are available for P. salmonis, however.  It is
possible to isolate the organism in fish cell
lines (Fryer and Lannan,  1991), although the
technique is time consuming and difficult,
since culture has to be performed without
antibiotics, increasing the likelihood of con-
tamination (Lannan et al., 1991).  Immunofluo-
rescent antibody technique (IFAT) (Lannan et

al.,  1991) and immunohistochemistry (IHC)
(Alday-Sanz et al., 1994) using rabbit anti-
Piscirickettsia salmonis serum, are alternative
procedures used to specifically detect the
pathogen.  Enzyme-linked immunosorbent
assays (ELISA) has also been used to detect P.

salmonis (Almendras and Fuentalba, 1997), as
have nested polymerase chain reactions (PCR)
(Mauel et al., 1996).

These techniques have not previously been
used to confirm RLO infections in European
sea bass, diagnosis of which have relied on a
combination of clinical signs plus gross and
histopathological changes.  Definitive diag-
nosis of the disease using these methods
presents inherent difficulties because of the
vagueness of the clinical signs (anorexia, dark-
ening of the skin and abnormal swimming)
and the small size of the pathogen.

An IHC assay was used here to specifically
detect RLO in the tissue of infected European
sea bass, using a rabbit anti-Piscirickettsia

salmonis serum kindly provided by Professor
J. L. Fryer (Dept. Microbiology, Oregon State

University, Corvallis, USA).  Paraffin-wax
embedded tissue sections (longitudinal sec-
tions of head) were prepared from archival
material held at the Institute of Aquaculture,
University of Stirling.  These included sam-
ples from European sea bass, diagnosed as
RLO-positive by histological examination, tis-
sue from Atlantic salmon (Salmo salar L.) in-
fected with P. salmonis used as a positive con-
trol and healthy tissue from salmon, and Eu-
ropean sea bass used as negative controls.  The
immunohistochemical procedure used was
based on the method described by Alday-Sanz
et al., (1994), using the same antiserum, but
with slight modifications to the procedure.

The slides (0.5 mm paraffin-wax embedded
tissue sections) were dewaxed in two succes-
sive xylene baths, 5 min each and rehydrated
in a 100 % ethanol bath for 5 min followed by
a 70 % ethanol bath for 3 min.  Slides were
then rinsed in distilled water before encircling
tissue sections with wax using a PAP pen
(BDH Ltd. Poole, Dorset, UK).  A proteolytic
digest was performed by incubating the tis-
sues with trypsin, 0.1 % (w/v) dissolved in a
CaCl solution 0.1 % (w/v) (pH 7.8) for 20 min
at 22°C according to Hyatt et al., (1991).  The
slides were subsequently incubated at 22°C
with 10 % (v/v) hydrogen peroxide in metha-
nol for 10 min in order to block endogenous
peroxidase activity.  Following this, the slides
were washed three times with Tris buffered
saline (TBS), pH 7.2, and incubated with nor-
mal donkey serum diluted 1/10 in TBS, at
22°C in a humidified chamber.  The serum was
decanted and excess liquid removed by tap-
ping the edge of the slide onto a paper towel.
Rabbit anti-Piscirickettsia salmonis serum, di-
luted 1/500 in TBS was added to the slides
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for 1 h at 22°C, again incubating in a humidi-
fied chamber.  Duplicate slides incubated with
normal rabbit serum, diluted as above, were
also included as additional negative controls.
All slides were washed three times with TBS
before incubating with anti-rabbit IgG conju-
gated to horseradish peroxidase (Diagnostics
Scotland, UK), diluted 1/50 in TBS for 30 min
at 22oC in a humidified chamber.  The slides
were again washed three times with TBS as
above.  Subsequently, the slides were incu-
bated with 3,3’ diaminobenzidine
tetrahydrochloride (DAB) substrate solution
(Sigma Chemical Co., Poole, UK) for 10 min.
Having stopped the chromogen reaction by
immersing the slides in tap water, they were
counter-stained with haematoxylin for 4 min.
The slides were then left in running tap wa-
ter for 10 min, dehydrated in 70% ethanol for
3 min, 100% ethanol for 5 min and rinsed
twice in xylene, each rinse for 5 min.  Finally,
the slides were mounted with Pertex and sec-
tions observed under a light microscope.

The use of the rabbit anti-Piscirickettsia

salmonis serum resulted in a distinct dark-
brown staining of the organism within sec-

tions of infected brain tissue (Figures 1 and
2).  The reaction of the serum was specific
when used at the working dilution of 1/500,
with no evidence of staining in either the
healthy Atlantic salmon or the European sea
bass tissue used as negative controls.  How-
ever, the same intense coloration was obtained
in known P. salmonis-infected Atlantic salmon
tissue used as a positive control.  The RLO
present in the infected European sea bass tis-
sue remained unstained when incubated with
normal rabbit serum.

This IHC method was therefore successful in
identifying RLOs in European sea bass.  The
advantages of immunohistochemistry as a
diagnostic method for rickettsias in fish have
already been described (Alday-Sanz et al.,

1994).  It is evident that in comparison with
indirect fluorescent antibody technique or in
situ hybridisation, IHC has the advantage of
allowing simultaneous evaluation of the his-
topathological lesions surrounding the iden-
tified RLOs.  The fact that the antiserum re-
acted with both P. salmonis in infected Atlan-
tic salmon tissue and ESBRLO in infected
European sea bass tissue suggests some de-

Figure 1. Positively stained RLO-infected cells in a
brain section of European sea bass (indicated by
arrows), using rabbit anti-P. salmonis serum in IHC
(counterstained with haematoxylin) x 450.

Figure 2. Positively stained RLOs in an infected
brain cell of a European sea bass (indicated by
arrow), after the application of IHC using rabbit
anti-P. salmonis serum (counterstained with
haematoxylin) x 1100.
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gree of antigenic similarity between the two
RLOs.  The presence of common antigens be-
tween ESBRLOs and P. salmonis, agrees with
the relative homogeneity reported by other re-
searchers between the RLOs affecting differ-
ent fish species (Mauel et al., 1999).  Poten-
tially, IHC is very useful not only for confirm-
ing the presence of the pathogen within in-
fected tissue, but also for examining the type
of cells affected by the pathogen, especially
within the brain tissue of sea bass.  Such in-
formation is fundamental for understanding
the pathogenesis of ESBRLOs within infected
European sea bass.
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